The Expression of Apoptosis and Proliferation
in the Placental Trophoblast Between
Normal and Preeclampsia Women
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Abstract

Background

Preeclampsia is characterized by hypertension, edema, and proteinuria
and affects 7-10% of all pregnancies. It is a major cause of maternal and
fetal morbidity and mortality, but its etiology remains unknown. The human
placenta is a tumorlike organ in which proliferation, migration, and invasion
of extravillous trophoblastic cells take place. Trophoblastic cells migrate and
invade the uterus and its vasculature to provide a vital link between the
mother and the developing fetus. Trophoblastic cell play an important role in
maintance of placental function. Little information, however, is available on
the roles of apoptosis and proliferation in the trophoblast of placenta in

relation to the pathophysiology of preeclampsia.

Objectives

The aim of the study was to compare the difference between
preeclampsia and normal term pregnancy placenta in the expression of
some proliferation and apoptotic/anti-apoptotic markers in the human

placenta.



Materials and Methods

Placental samples were obtained form 7 normal uncomplicated term
pregnancy and 7 preeclampsia patients. Placenta samples were collected
during cesarean section. None of the patients were in labor. After extraction
of the newborn, placental insertion was verified and the placenta was rapidly
delivered. Placenta villi were corrected in the center part of the placenta
avoiding infracted areas. Apoptosis was assessed by the terminal
deoxynucleotidyl transferase deoxy-UTP-nick end labeling(TUNEL) method.

Expression of Ki-67, Bcl-2, BMP family (bone morphogenetic protein) CD
34 VEGF( vascular endothelial growth factor) & VEGF receptor-lIl were

assessed using immunohistochemistry. Light microscopy was used to
quantify its incidence. The positive index rate (%) was defined as (positive
stain cells/ total nuclei) X 100 and expressed as mean + SD. The Bcl-2 and
VEGF expression were assessd by semiquantitative Immunohistochemical
Remmele Score(IRS). For each placenta, 5 randomized fields are examined
by light microscopy at a magnification of x 200(x 20 objective lens and x 10
eyepiece). Statistical significance was determined by using analysis of
variance to compare the rates between normal and preeclampsia placentas.
Statistical significance was considered to be present at P < 0.05. ( Mann

Whitney U test).



Result

The TUNEL-positive cells of the placenta were trophoblast with cluster of
nuclei and the TUNEL-positive index of these cells was 0.37% + 0.04% and
normal placenta was 0.18% * 0.05%. The Ki-67-positive index cells was
4.6% % 0.2% and normal placenta was 3.9% + 0.3%. The incidence of
apoptosis and Ki-67 expression were significantly higher in preeclampsia
placentas compared with normal. In contrast the Bcl-2 expression was lower
in preeclampsia than normal, although no significant difference. And VEGF
protein was higher in preeclampsia than normal, although still no significanct
difference. The other expression markers ( ex. CD34 , BMP protein family,
VEGF receptor) were no statistical significance difference between

preeclampsia and normal placentas.

Conclusion

These results suggest that trophoblast proliferation and apoptosis may paly

a role in the pathophysiologic mechanisms of preeclampsia.
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Hematoxylin — Eosin stain,

Hematoxylin (Merck)

Eosin (Merck)

Xylene (Takaaki)

Alcohol (Takaaki)

Ethanol absolute (Panreac)

Mounting medium (Merck)

0.1M PBS (10X; PH=7.4)

DAB (Sigma)

Xylene (Takaaki)

Alcohol (Takaaki)

Ethanol absolute (Panreac)
0.1M Citrate acid buffer(PH 6.0)
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1. Primary antibody

. BMP : Santa Cruz, sc-6899 1 100
= BMPR-II : Santa Cruz, sc-5683 1 100
. Bcl-2 DakoCytomation Antibody Diluent with

Background Reducing Components S3022
1 50
. CD34 DakoCytomation Antibody Diluent with
Background Reducing Components S3022
1 50

2. Secondary antibody

. anti-goat biotin; : VECTASTAIN, VECTOR
1 200
. anti-mouse biotin; . Invitrogen 1 200
(LIPSHOW)

Tissue Block System TBS88 (Medite)
(Shandon)

(Shandon crytome cryostat series)
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Xylene
(Olympus BX50)

5. TdT-mediated dUTP-biotin nick end labeling (TUNEL) stain
TUNEL analysis was performed using the in situ Cell Death Detection
Kit TMR Red ( Roche Molecular Biochemicals; Indianaplois, IN)

according to the manufacturer’s protocol
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Indications of Severity of Preeclampsia

Abnormality Mild Severe
Systolic blood pressure  >140 mmHg >160 mmHg
Diastolic blood pressure <100 mmHg >110 mmHg
Proteinuria Trace to 1+ > 2+
Headache Absent Present
Visual disturbance Absent Present
Upper abdominal pain Absent Present
Oligouria Absent Present
Convulsion Absent Present
Serum creatinine Normal Elevated
Thrombocytopenia Absent Present
Liver enzyme elevation  Minimal Marked
Fetal-growth restriction ~ Absent Obvious
Pulmonary edema Absent Present

22



H&E

/

Stain D I

\\¥

Apoptosis Study
1. TUNEL
2. Bcl-2

Proliferation Study
1. BMP family
2. Ki-67

23

Endothelia cell
function

1. CD34

2. VEGF

3. VEGF-receptor




Clinical characteristics

14

Clinical Reason for  fetus weight(gm), Apgar

Case category Parity Gestation(wk) delivery sex score
1 Normal 1 39 previous cs 3080, F 9-->10
2 Normal 1 38 previous cs 2968, F 8-->9
3 Normal 1 38 previous cs 2878, F 9-->10
4 Normal 1 38 previous cs 3150, M 9-->10
) Normal 1 37 previous cs 3200, M 9-->10
6 Normal 1 38 previous cs 2887, F 9-->10
7 Normal 0 38 breech 3194, M 9-->10
8 MP 0 38 elective cs 2964, M 7-->8
9 MP 0 37 elective cs 3182, M 8 -->9
10 SP 3 32 emergent cs 1600, F 7-->8
11 SP 0 34 emergent cs 1748, F 7-->8
12 SP 0 37 emergent cs 1860, M 7-->8
13 MP 0 35 elective cs 2450, M 8-->9
14 MP 0 38 elective cs 3100, F 9-->10

MP: mild preeclampsia. SP: severe preeclampsia.

cs: cesarean section. M:male, F:female

24



Comparison of clinical characteristics

Characteristics Normal (n=7) Preeclampsia(n=7) p-value
Maternal age(years) 30.1+ 4.3 31.7+£ 4.1 NS
Maternal height(cm) 156.7+ 8.3 158.8+ 5.4 NS
Maternal weight(kg) 68.9+ 11.4 83.6x11.9 0.03
Parity 0.8+ 0.3 0.4+ 1.1 NS
Gestation age(weeks) 38.0+ 0.6 35.8+2.2 0,03
Fetus weight(gm) 3051.0£ 139.6 2414+ 680.3 0.02
Placenta weight(gm) 635.5+ 115.9 554.0+ 142.8 NS
Apgar-1 8.8+ 0.3 7.5+ 0.7 0.02
Apgar-5 9.8+ 0.3 8.7+ 0.7 0.04

Data are presented as mean = SD
NS, not significant (p>0.05)
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Apoptotic Nuclei in Placental trophoblast Samples

Nuclei Preeclampsia (n=7) Control (n=7) P

Total apoptotic nuclei 9.0+£0.8 52+14 <.01
Total nuclei 2495 +112.4 2631+ 137.7 NS
% apoptotic 0.37 £0.04 0.18£0.05 <.01

Data are presented as mean £ SD

NS, not significant (p>0.05)

Ki-67

Ki-67 Nuclei in Placental trophoblast Samples

Nuclei Preeclampsia (n=7) Control (n=7) P

Total Ki-67 nuclei 113.8 £ 5.1 99.1£8.9 0.03
Total nuclei 24714 £65.5 2501.2+62.7 NS
Ki-67 stain index(%) 4.60 +0.20 3.96+£0.39 0.03

Data are presented as mean + SD(standard deviation)

NS : not significant
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BMP family

Immunohistochemical staining for BMP family in normal and

preclampsia placentas

Preeclampsia (n=7) Control (n=7)
BMP-2 0 0
BMP-6 0 0
BMP-7 0 0
BMP receptor T 0

The intensity of immunostaining was graded as “0” for no immunostaining,
“+” for weak but definitely detectable immunostaining,
“++” for moderate immunostaining

“+++” for strong immunostaining.

BMP: Bone morphogenetic protein

VEGF: vascular endothelial growth factor

27



( ) X 200

28



Bcl-2

(A) (B) BCL-2

( X 200)

29



Mean IRS

5.0

481
4.6:
4.4-
4.2
4.0
3.8:
3.6 1
341

3.2 1

3.0

1.25

normal

IRS

IRS

preeclampsia

mean + SD:4.03 +

3.70 £ 0.86 (Not significance)

30



Ki-67

( X 200)

31



VEGF

VEGF ( ) ( X 400)

32



mean IRS

9.0

8.5

8.0+

7.5+

7.0 4

6.5 4

6.0

5.5+

5.0

™ ™
N= 7 7

normal preeclampsia

VEGF IRS
VEGF IRS mean + SD:

7.02+1.15 6.68 + 0.73 (P>0.05)

33



VEGF receptor |

() () trophoblast
VEGF receptor-| trophoblast
endothelial cell V EGF receptor-I
( X 400)



BMP receptor

() () trophoblast BMP

receptor (

35



CD34

(A)CD34

(B)

( X 200)

36



1.

U.S. Department of Health, Education, and Welfare. The Collaborative Perinatal
Study of the National Institute of Neurological Diseases and Stroke: The Women
and their Pregnancies(DHEW Publication No. (NIH) 73-379). Bethesda, MD, U.S.
Department of Health, Education, and Welfare, Public Health Service, National
Institutes of Health, 1972.

Centers for Disease Control and Prevention. Maternal mortality: United States,

1982-1996. MMWR Morb Mortal Wkly Rep 1998; 47: 705-707.

. Pridjian G, Puschett JB. Preeclampsia: Part 2-Experimental and genetic

considerations. Obstet Gynecol Surv 2002; 57: 619-640.

Pridjian G, Puschett JB. Preeclampsia: Part 1-Clinical and pathophysiologic
considerations. Obstet Gynecol Surv 2002; 57: 598-618. Seidl DC, Hughes HC,
Bertolet R et al. True pregnancy toxemia (preeclampsia) in the guinea pig (Cavia
porcellus). Lab Animal Sci 1979;29:472-478.

National High Blood Pressure Education Program: Working Group Report on High
Blood Pressure in Pregnancy. Am J Obstet Gynecol 2000. 183:51.

Roberts JM., Cooper D.W. Pathogenesis and genetics of preeclampsia. Lancet
2001; 357: 53-6.

Kerr JF., Wylie AH. and Currie A.R. Apoptosis: a basic biological phenomenon with

wide ranging implications in tissue kinetics. British J of Cancer, 1972 26 239-

257.
Haanen C, Vermes |: Apoptosis: Programmed cell death in fetal development. Eur

J Obstet Gynecol Reprod Biol 1996;64:129-133.

37



9. Stephen C. Smith, Philip N . Placental apoptosis in normal human pregnancy. Am
J Obetet Gynecol 1997;177:57-65.

10.Gerdes J ed al. Ki-67 and other proliferation markers useful for immunohistological
diagnostic and prognostic evaluations in human malignancies. Semin Cancer Biol.
1990 Jun;1(3):199-206

11.Urist MR. Bone: formation by autoinduction. Science. 150:893-899. 1965

12.Kaplan FS. and Shore EM. Encrypted morphogens of skeletogenesis: biological
errors and pharmacologic potentials. Biochem Pharmacol. 55:373-382. 1998

13.Remmele W, Hildebrand U, Hienz HA, et al. Comparative histological,
histochemical, immunohistochemical and biochemical studies on oestrogen
receptors, lectin receptors, and Barr bodies in human breast cancer. Virchows
Arch A Pathol Anat Histopathol 1986;409:127-47.

14.Smith S.C., Baker P.N. and Symonds E.M. Placental apoptosis in normal human

pregnancy. American Journal of Obstetrics and Gynecology, 1997 177 57-65.

15.Sayill J. Review: apoptosis in disease. European Journal of Clinical Investigation,

1994 27 715-723.

16.Smith S.C., Leung, T.N., To, K.F. et al. Apoptosis is a rare event in first-trimester
placental tissue. American Journal of Obstetrics and Gynecology, 2000 183
697-699.

17.Bulmer JN, Morrison L, Johnson PM. Expression of the proliferation markers Ki67
and transferrin receptor by human trophoblast populations. J Reprod Immunol
1988;14:291-302.

18.Gerard Nuovo. The utility of immunohistochemistry and in situ hybridization in

placental pathology. Arch Pathol Lab Med. 2006;130: 979-983.

38



19.Cheung A, Ngann H, Chen W. The significance of proliferating cell nuclear antigen
in human trophoblastic disease: an immuno-histochemical study. Histopathology
1993; 22: 565-8.

20.Udo Jeschke, Barbara Schiessl, loannis Mylonas. Expression of the proliferation
marker Ki-67 and of p53 tumor protein in trophblastic tissue of preeclamptic,
HELLP, and intrauterine growth-restricted pregnancies. International Journal of
Gynecologic Pathology. 25:354-360.

21.Ferrara, N and Davis-Smyth, T. The biology of vascular endothelial growth factor.

Endocr. 1997 Rev., 18: 4-25.

22.Alon, T., Hemo, |, Itin, A et al. Vascular endothelial growth factor acts as a survival
factor for newly formed retinal vessels and has implications for retinopathy of
prematurity. Nature Med., 1995 1 1024-1028.

23.Charnock-dJones DS, Sharkey AM, Rajput-Williams J, Burch D, Schofield JR,
Fountain SA, Boock CA & Smith SK (1993) Identification and localization of
alternately spliced mRNA's for vascular endothelial growth factor in human uterus

and estrogen regulation in endometrial carcinoma cell lines. Biol Reprod, 1993
48 1120-1128.

24.Sharkey AM, Charnock-Jones DS, Boocock CA, Brown KD & Smith SK (1993)
Expression of mRNA for vascular endothelial growth factor in human placenta. J

Reprod Fertil, 1993 99 609-615.

25.Carmeliet P, Ferreira V, Breier G, Pollefeyt S, Kieckens L, Gertsenstein M, Fahrig
M, Vandenhoek J, Kendraprasad H, Eberhardt C, Declercq C, Pawling J, Moons L,
Collen D, Risau W, Nagy A. Abnormal blood vessel development and lethality in

embryos lacking a single VEGF allele. Nature 1996; 380:435-439.

39



26.Lim, K., Zhou, Y., Janatpour, M.et al. Human cytotrophoblast
differentiation/invasion is abnormal in preeclampsia. Am. J. Pathol.,, 1997,
151:1809-1818.

27.Shore, V.H., Wang, T.H., Wang, C.L. et al. Vascular endothelial growth factor,
placenta growth factor and their receptor in isolated human trophoblast. Placenta,

1997 18 657-665.

28.Gerber, H.P., Condorelli, F., Park, J. and Ferrara, N. Differential transcriptional
regulation of the two vascular endothelial growth receptor genes. Flt-1, but not Flk-
1/KDR, is up-regulated by hypoxia. J. Biol. Chem.1997 272 23659-23667

29.Ahmed, A., Li, X.F., Dunk, C. et al. Colocalization of vascular endothelial growth
factor and its FIt-1 receptor in human placenta. Growth Factors, 1995 12 235-
243.

30.Satu Helske, Piia Vourela, Olli Carpen, et al. Expression of vascular endothelial
growth factor receptors 1,2 and 3 in placentas from normal and complicated
pregnancies. Molecular Human Reproduction 2001 Vol. 7, No 2 : 205-210.

31.EGBOR M. ; ANSARIT. MORRIS N. et al. Pre-eclampsia and fetal growth

restriction : How morphometrically different is the placenta? Placenta, 2006 27

727-734.

40



20

41




